In the present study, anticonvulsant activity of methanol extract of Eclipta alba (10-200 mg/kg) was studied using pentylenetetrazole-and picrotoxin-induced seizure models. Mechanism of effect of methanol extract of Eclipta alba was further elucidated by studying its GABA A receptor modulatory activity and its effect on levels of GABA in mice brain. Methanol extract of Eclipta alba exhibited potent anticonvulsant activity but has saturation of its pharmacological activity at 50 mg/kg. At the concentration of 10 mg/ml, contractions induced in guinea pig ileum was blocked by picrotoxin, but it didn't not show any increase in GABA levels in mice brain after treatment. Hence, it can be concluded that methanol extract of Eclipta alba possesses potent anticonvulsant activity because of its positive modulatory effect on GABA A receptors.
Epilepsy is the third most common neurological disorder after stroke and Alzheimer's disease with most of the newly identified cases occurring among children and adults [1] . Globally, there are nearly 50 million people suffering from epilepsy, 80% of which are in the developing countries and 90% of these do not receive appropriate treatment. India alone has approximately 8-10 million epileptics. Epilepsy affects not only the individual, but also has consequences for the family and the rest of society [2, 3] .
Traditional pharmacological strategies for the treatment of epilepsy using drugs like phenytoin, carbamazepine, valproate and phenobarbital have been associated side-effects like cognitive impairment, idiosyncratic reaction, weight gain, teratogenicity, and severe drug interactions. In spite of the newer antiepileptic drugs with better tolerability profiles, low interaction potential and significantly less enzyme inducing or inhibiting properties, 30-35% patient still continue to have uncontrolled seizures [4] . Furthermore, there is increasing evidence that despite early treatment and suppression of seizures, anticonvulsant drugs do not affect the progression or underlying natural history of epilepsy [5] . In order to achieve improved therapy for epilepsy, the real challenge in future is to create novel broad-acting anticonvulsant drugs with multiple mechanisms of action with decreased adverse effects in comparison to currently used medical therapies.
Eclipta alba Hassk (Asteraceae) has been used in traditional system of medicine and also by traditional healers, especially in Southern region of India for the treatment of epilepsy since ancient times. The pounded leaves of Eclipta alba with garlic juice and peppers are administered orally to treat epilepsy by the traditional healers [6] . Published data from our lab showed anticonvulsant potential of methanol extract of Eclipta alba (MEEA) in the electroshock model [7] . In continuation of the same work, we had tried to explore the mechanism of action of MEEA.
Eclipta alba was collected from Palghar area, near Mumbai, during rainy season of 2009. The whole plant and leaves of Eclipta alba were authenticated from the botonist of Khalsa College, King's Circle, Mumbai (Voucher specimen no. DBKC-54). The dried and powered leaves were defatted using petroleum ether and then extracted with 95% methanol in a Soxhlet extractor at 60-80º for 24 h. The extract was further concentrated in vacuo at 50º to get the thick paste and was denoted as methanol extract of Eclipta alba (MEEA).
Pentylenetetrazol (PTZ) and picrotoxin (PIC) were procured from Sigma-Aldrich, St. Louis, MO, USA, and their solutions were prepared using fresh sterile saline (0.9% w/v). Solutions of MEEA were prepared using distilled water and were administered per orally (p.o.), whereas PTZ and PCT solutions were administered intraperitoneally (i.p.).
Adult Swiss albino mice (20-25 g) were procured from Haffkins Institute, Mumbai, India and were acclimatized in the animal house of the Institute of Chemical Technology (ICT), Matunga, Mumbai. Mice were grouped, housed, and maintained at 23±2º under 12:12 h light/dark cycle with free access to rodent chow and tap water. The animal study was approved by the Institutional Animal Ethics Committee (UICT/ PH/IAEC/0213/07 and UICT/PH/IAEC/0213/08), ICT, Mumbai.
For PTZ-induced seizure model, mice were divided into 7 groups containing 6 animals each and treated once a day for 7 days. First group was vehicle control and were given saline, next five groups were test groups and received 10, 25, 50, 100, and 200 mg/kg of MEEA, respectively, and last group was positive control and received diazepam (2 mg/kg). One hour after the last dose on the seventh day, animals were given PTZ (100 mg/kg). Animals were observed for a period of 30 min post-PTZ administration. The parameter noted were onset of seizure and % protection from death [8] . A similar procedure was followed for the PIC-induced epileptic model. GABA A receptor assays were conducted as prescribed by Arulmozhia et al [9] . Briefly, guinea pigs were euthanized (thiopental sodium 100 mg) followed by exsanguination, whole segments of terminal ileum (2 cm) was rapidly excised and placed in tyrode solution with the following composition: NaCl 137 mM; KCl 2.7 mM; CaCl 2 1.8 mM; MgCl 2 1.0 mM; NaHCO 3 11.9 mM; NaH 2 PO 4 0.4 mM; dextrose 5.55 mM. The preparations were suspended in 10 ml organ baths containing tyrode solution (pH 7.4) aerated with carbogen.
The tissues were maintained at a resting tension of 1 g for 45-60 min for equilibration with intervening washings prior to the recording of isotonic contractile responses. A response of KCl (25 mM) was obtained to check the integrity of the tissue. Picrotoxin is used as an antagonist for the GABA A receptor as this can give a clear idea about the involvement of GABA A receptor in the activity. The response of GABA (1 μM) alone was compared with the response of GABA (1 μM) in presence of PIC (1 μM), where picrotoxin was administered 10 min before GABA. Similarly, responses of MEEA (10 mg/ml) were obtained in the presence and absence of picrotoxin (1 μM). In order to confirm the blocking effect and to validate the results, same procedure was repeated thrice [10] .
Estimation of GABA was carried out on normal animals treated with 200 mg/kg for 7 days (highest dose given to the animals in PTZ and PIC model).
It was studied by TLC with the original method developed by Sadasivudu and Murthy [10] and was adapted with some modifications as described by Shankaranarayana Rao et al. [11] . Whole brain was homogenized in 80% double-distilled ethanol (for 100 mg of the brain tissue, 2 ml of 80% alcohol was used). Homogenates were transferred to polypropylene tubes and centrifuged at 1200 rpm for 10 min. The supernatant (1 ml) was then transferred into small test tubes and evaporated to dryness at 70º in an oven. The residue was reconstituted in 100 μl distilled water, and 2 μl was used for spotting on silica TLC plates. The plate was placed in a chromatography chamber containing butanol:acetic acid:water (65: 15: 25 v/v) as solvent. When the solvent front reached the top of the plate, the plate was removed and dried. After drying, plate was sprayed with ninhydrin reagent and placed in an oven at 100º for 4 min. The spots were scanned at 520 nm using Camag scanner and were analyzed using winCATS planar chromatography software ver 1.1.2 [11, 12] .
All the values are expressed as mean±SEM. Statistical analysis of in vivo experiments was done with one-way ANOVA followed by Bonferroni test, whereas results of in vitro experiment on guinea pig ileum and effect of neurotransmitter levels were evaluated with the help of Student's t-test, and P<0.05 was considered as significant.
In the present study, methanol extract of Eclipta alba was evaluated for its antiepileptic potentials using the suitable animal models. The yield of the MEEA was found to be 14.8% w/w of dried leave powder. In the PTZ-induced seizure model, delay in onset of seizure was observed at all evaluated doses of MEEA and diazepam (2 mg/kg). Significant delay in onset of seizers was observed in diazepam-treated animals when compared with control (Table 1) . Although a significant difference in the onset of seizers were observed at 50 mg/kg of MEEA with respect to vehicle control, the effect was not equivalent to that of diazepam (P<0.05). Delay in onsets of seizures were observed at 100 and 200 mg/kg, showing saturation of pharmacological activity at 50 mg/kg. Diazepam at the dose of 2 mg/kg and MEEA at the dose of 50, 100, and 200 mg/kg exhibited 100% protection from death of animals.
Diazepam (2 mg/kg) showed a statistical significant delay in the onset of seizure in PIC-induced seizure model (P<0.05), with respect to the vehicle control (Table 1) . A significant difference was found in the onset of seizers at 50 and 100 mg/ kg dose of MEEA, with respect to the control but no significant difference observed, with respect to the diazepam (positive control); this supports the antiepileptic potential of MEEA. Dose-dependent increase was observed in the onset of action of the MEEA extract, except for 200 mg/kg dose where there was a decrease, indicating saturation of the pharmacological activity. In the PIC-induced seizure model, the % protection by the 100 mg/kg dose of MEEA was 66.66%, which was equivalent to that of diazepam (66.66%).
In vitro GABA A receptor bioassay showed that Picrotoxin (1 μM) inhibited the contraction in guinea pig ileum induced by GABA (1 μM) significantly (P<0.05). A similar effect was observed when 10 mg/ml of MEEA was used for the contraction of the ileum ( fig. 1) . MEEA, when administered to normal mice with 200 mg/kg dose for 7 days, did not alter the levels of GABA in brains, indicating that it is neither facilitating nor inhibiting the release of GABA in the brain ( fig. 2) . PTZ and PIC are two convulsion-inducing agents [13, 14] . PTZ exerts its convulsive effect by inhibiting the activity of GABA at GABA A receptors, which is the major inhibitory neurotransmitter in the brain [15] [16] [17] . So, the enhancement of the neurotransmission of GABA will attenuate the convulsive effect of PTZ. Results of the present study indicated the onset of seizure produced by PTZ was significantly delayed by MEEA and diazepam, indicating that the anticonvulsant effect of MEEA might be mediated by facilitating the GABA-mediated opening of chloride channel.
According to Rang et al. [13] , and Nicoll [14] , picrotoxin exerts its convulsive effect by blocking the GABA A receptor-linked chloride ion channel that normally opens to allow increased chloride ion conductance into the brain cells following the activation of GABA A receptors by GABA. Results of the present study showed that MEEA and diazepam attenuated the convulsive effect of picrotoxin. These results further support the hypothesis that MEEA has ability to modulate the GABA-induced neurotransmission.
GABA at the concentration of 1 μM produces contraction in guinea pig ileum, which is further inhibited by picrotoxin (1 μM) confirming presence of GABA A receptors on guinea pig ileum. MEEA at the dose concentration of 10 mg/ml also induces contraction on guinea pig ileum that was significantly inhibited by picrotoxin (1 μM). This confirms the involvement of GABA A receptors in MEEA-induced contraction in guinea pig ileum. These results again support the hypothesis that anticonvulsant effect of MEEA in PTZ and PIC model may be because of its modulatory effect on GABA receptors.
MEEA at the given dose (200 mg/kg) failed to modulate the GABA levels in the brain of treated mice. This unchanged level of GABA in the brain suggested that the anticonvulsant effect is independent of release of GABA.
Our previous study showed that MEEA contains phytoconstituents like wedelolactone and luteolin and β-amyrin [7] . It has been reported that wedelolactone has selectivity and affinity towards BZD (benzodiazepine) binding site on GABA A receptors [18] . Also, luteolin has unique antiinflammatory and neuroprotective activity and has affinity towards BZD binding site on the GABA A receptors [19] . So, the anticonvulsant activity of MEEA in this study may be because of presence of these phytoconstituents in methanol extract.
In conclusion, the present study proves that methanol extract of Eclipta alba possesses anticonvulsant activity and provides the scientific basis for its traditional use in epilepsy. This study also provides the evidence that the anticonvulsant activity of MEEA is because of its positive modulatory effect on GABA A receptor and not by release of GABA in the synapse. The phytoconstituents like wedelolactone or luteolin in MEEA could be responsible for its anticonvulsant activity. Further studies are required to explore the phytoconstituents responsible for its activity, and their therapeutic applications in the treatment of epilepsy are ongoing in our laboratory.
